Background and Aim: Non-alcoholic fatty liver disease (NAFLD) encompasses a wide spectrum of disorder and damage to the liver. Plantago psyllium possesses hypolipidemic (fat reducing) and antioxidant properties. According to increased prevalence of NAFLD and the positive impact of some herbal remedies (antioxidants) in the prevention and treatment of disease, this study was aimed to investigate the effect of psyllium extract on NAFLD. Materials and Methods: In this experimental study, 56 adult male Wister rats were divided into seven groups of eight animals including control and sham 1 and 2 (induced fatty liver). Experimental group 1 received psyllium extract with a concentration of 400 mg/kg and experimental groups 2, 3, and 4 received psyllium extract with a concentration of 100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively, after the induction of fatty liver over 28 consecutive days. Blood samples were taken from the animal's heart a day after the last injection, and alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) liver enzymes concentration as well as low-density lipoprotein (LDL), high-density lipoprotein (HDL), and total cholesterol (TC) were measured. The results were analyzed through analysis of variance and Duncan's test. The statistical significance level was set at P > 0.05. Findings: The mean serum HDL, TC, and triglycerides (TG) levels were significantly decreased in the sham groups 1 and 2 compared to the control group. The mean serum ALT, ALP, TC, and TG levels were significantly decreased in the experimental group 1 compared to the control group. The mean serum ALT, AST, and ALP levels were significantly decreased in the experimental groups 3 and 4 compared to the sham groups 1 and 2, but the mean serum ALT and ALP levels in the experimental group 2 were significantly different from the sham groups 1 and 2, and no change was found in the mean serum AST level. Furthermore, in the experimental group 3, the mean serum TC and TG levels were decreased significantly compared to the sham group 1 and the control group, and the mean serum TG also showed a significant decrease in the experimental group 3 compared to the sham group 2. However, there was no change in the mean serum TC in the experimental group 3 compared to the sham group 2. However, there was no change in the mean serum TC in the experimental group 3 compared to the sham group 2. The mean serum HDL level showed a significant increase in the experimental group 4 compared with the sham group 2 and decreased significantly in the experimental groups 2, 3, and 4 compared to the control group. The mean serum LDL level was significantly decreased in experimental (2, 3, and 4) groups compared to the sham groups (1 and 2), but there was no change compared to the control group. Conclusion: According to the results, the psyllium extract can probably induce hepatoprotective effect and improvement of liver enzymes disorder as well as lipid profile in non-alcoholic fatty liver patients due to the antioxidant properties.
fatty liver of non-alcoholic mice, it was concluded that total cholesterol, high-density lipoprotein (HDL), and triglyceride decreased gradually, whereas a gradual increase occurred in low-density lipoprotein (LDL) level. [14] Findings of the study by Aijaz Ahmed et al. showed that fatty liver is the most common cause of elevated serum aminotransferase levels. [15] In a study by Lerman-Garber et al. on the effect of psyllium plantago in moderate-to-severe hypercholesterolemic patients, it was concluded that P. psyllium produced a reduction of 8% in total cholesterol and 11% in LDL cholesterol after 12 weeks, but no change was observed in triglycerides and HDLcholesterol levels. [16] Therefore, the aim of this study was to investigate the therapeutic effect of plantago ovata fork (psyllium) fruit on the improvement of non-alcoholic fatty liver in adult rats.
MATERIALS AND METHODS
In this experimental study, 56 male Wistar rats weighing between 150 and 180 g were recruited. The rats were housed for a week in the animal breeding room of Jahrom University of Medical Sciences to adapt to the environment. They were exposed to either a normal cycle of 12 h of light and 12 h of darkness and the humidity was around 50-55%. All ethical principles regarding the use of laboratory animals were also taken into consideration. The inclusion criteria included healthy male Wistar rats weighing between 150-180 g and exclusion criteria were death of animals during the course of experimentation. Samples were selected using convenient sampling method and divided into groups using a random number table. In accordance with the previous articles, the psyllium extract was administered at doses of 100, 200, and 400 mg/kg body weight to groups. [17] Therefore, the control and experimental groups consisted of the following groups.
Control group
This group did not receive any treatment during the experiment (n = 8).
Control group 1
This group received high-fat diet for 4 consecutive weeks. Autopsies were performed immediately on animals and their tissues and serum were sent out to the laboratory to ensure that the fatty liver in the mice was induced (n = 8).
Control group 2
This group received high-fat diet for 4 consecutive weeks and then regular food for 28 days (n = 8).
Experimental group 1
This group received the aqueous extract of psyllium at a concentration of 400 mg/kg body weight by oral gavage for 28 days (n = 8).
INTRODUCTION
N on-alcoholic fatty liver disease (NAFLD) was firstly detected by Ludwig et al. (1980) in people with no history of alcohol intake. [1] NAFLD encompasses the simple steatosis to more progressive steatosis with associated hepatitis, fibrosis, and cirrhosis. [2] NAFLD is now considered the hepatic manifestation of metabolic syndrome and its clinical manifestations include type-2 diabetes, obesity, dyslipidemia, and hypertension. The prevalence of NAFLD in the general population in western countries is 20-30% and due to the rapidly increasing prevalence of risk factors of metabolic syndrome, it is now considered as the most common liver disease in the western world. [3] Epidemiological studies reported the prevalence of NAFLD as 2.8% in Iranian population. [4] The pathogenesis of NAFLD is not fully understood. Current evidence suggests that insulin resistance, obesity, oxidative stress, and inflammatory cascade play a role in the pathogenesis and progression of the disease. [5] The "twohit" hypothesis has been elaborated to explain the pathogenesis of NAFLD which was firstly proposed by Day and James. The first hit, insulin resistance and metabolic disturbances, results in hepatic lipid accumulation and sensitizes the liver to a variety of "second hits" including potential sources of oxidative stress. [6] Oxidative stress can contribute to increased lipid peroxidation in the liver cell plasma membrane. Oxidative by-products are hazardous and can influence nucleotide and protein synthesis. These compounds can also result in an increased secretion of inflammatory cytokines and activation of hepatic stellate cells, and consequently, fibrosis, inflammation, and apoptosis. [7, 8] No exclusive treatment has not yet been detected for these patients (the treatment for fatty liver disease is dependent on treating other risk factors such as diabetes or high cholesterol level). However, due to the role of oxidative stress in the pathogenesis of the disease and low levels of antioxidants in these patients, many researchers have focused a great deal of attention on the use of antioxidants in the treatment of the disease. [9] Antioxidants contain a mix of nutrients including vitamins and minerals found in foods. The main antioxidants in foods including beta-carotene (a precursor of Vitamin A presents in dark orange fruits and vegetables), Vitamin C, which can be found in fruits, especially citrus fruits, Vitamin E in vegetable oils (such as olive oil, canola), kernels such as walnuts and almonds, and some minerals and herbs possess antioxidant properties like Plantago psyllium. [10] The genus Plantago belongs to the family Plantaginaceae and comprises about 250 species. Psyllium has a cosmopolitan distribution and is cultivated primarily in India and Pakistan. [11] Plantago ovata fork and P. psyllium L., which is known as psyllium in Iran, are widely used in pharmaceutical industries. [12] Psyllium contains compounds such as oleic acid, luteolin, linoleic acid, betasitosterol, fructose, glucose, lignoceric acid and acubine and campesterol, sucrose, alpha-amyrin, palmitic acid, and phenolic compounds; among which acubine, luteolin, campesterol, and sucrose have antioxidant properties. [13] In a study by Stankovi et al. on the correlation between fatty acids released from the liver and serum lipid levels as well as histological features in
Experimental group 2
This group received an aqueous extract of psyllium at a concentration of 100 mg/kg body weight by oral gavage for 28 days (after induction of fatty liver) (n = 8).
Experimental group 3
This group received an aqueous extract of psyllium fruits at a concentration of 200 mg/kg body weight by oral gavage for 28 days (after induction of fatty liver) (n = 8).
Experimental group 4
This group received an aqueous extract of psyllium at a concentration of 400 mg/kg body weight by oral gavage for 28 days (after induction of fatty liver) (n = 8). 5 cc blood was directly taken from the heart of animals using a syringe (on day 29 after complete induction of non-alcoholic fatty liver) under anesthesia by diethyl ether at the end of the study. They were centrifuged at 3000 rpm for 15 min and stored at −20°C for alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), triglycerides (TG), total cholesterol (TC), HDL, and LDL measurement. Pars laboratory test kits were used to measure these parameters. One-way analysis of variance and Duncan test were used to analyze the data through SPSS software. The statistical significance level was set at 0.05 (5%).
RESULTS
The mean serum HDL, TC, and TG levels were significantly decreased in the sham groups 1 and 2 compared to the control group [ Figures 1-3 ].
The mean serum ALT, ALP, TC, and TG levels were significantly decreased in the experimental group 1 compared to the control group [ Figures 1,2,4 ,5].
The mean serum ALT, AST, and ALP levels were significantly decreased in the experimental groups (3 and 4) compared to the sham groups 1 and 2, but the mean serum ALT and ALP levels in the experimental group 2 were significantly different from the sham groups 1 and 2, and no change was found in the mean serum AST level [ Figures 4-6 ].
In the experimental group 3, the mean serum TC and TG levels were decreased significantly compared to the sham group 1 and the control group. The mean serum TG also showed a significant decrease in the experimental group 3 compared to the sham group 2. However, there was no change in the mean serum TC in the experimental group 3 compared to the sham group 2 [ Figures 1 and 2] .
The mean serum TC and TG levels showed a significant decrease compared to the sham groups 1 and 2 and the control group in the experimental group 4 [ Figures 1 and 2 ]. A significant decrease was observed in the mean serum TG level of the experimental group 2 compared to the sham groups 1 and 2, but no change was seen in the mean serum TC level [ Figures 1 and 2] .
The experimental group 4 showed a significant increase in the mean serum HDL level compared with the sham group 2 and decreased significantly in the experimental groups (2, 3, and 4) compared to the control group [ Figure 3 ].
The mean serum LDL level was significantly decreased in experimental groups (2, 3, and 4) compared to the sham groups (1 and 2), but no change was found compared to the control group [ Figure 7] .
Comparison of the results of experimental groups receiving different doses revealed that the aqueous extract of psyllium at a concentration of 400 mg/kg plays an effective role in decreasing serum levels of ALT, AST, ALP, TC, TG, and LDL and increasing serum HDL compared to other doses.
DISCUSSION
NAFLD is characterized by excessive accumulation of fat in the liver of people who drink little or no alcohol. This disease has become increasingly recognized as a worldwide problem and treatment of patients with the disease is becoming frequent problem in clinical practice. Since then, herbal remedies made a significant contribution to the treatment of these patients. They can play an important role in preventing and treating the disease with minimal side effects and maximum efficacy. The results of this study showed that the aqueous extract of psyllium could improve the serum concentration of liver enzymes and lipid profiles in male rats due to its strong antioxidant effect, and it has also been shown that a dose of 400 mg/kg is the most effective and recommended concentration for treatment. In other words, this aqueous extract at a concentration of 400 mg/kg has an effective role in reducing the serum levels of ALT, AST, and ALP compared to other doses. The findings of a study by Akbarzadeh et al. (2017) suggested that the use of PP followed by dietary supplements in people with overweight and non-alcoholic fatty liver for 10 weeks could lead to a significant reduction in body weight, waist circumference, body fat percentage, and plasma levels of ALT compared with placebo group. [18] Moreover, other studies have found that physical activity and diet can lead to a significant decrease in weight, body mass index, and ALT plasma level. [19] According to the results of other studies, metabolic syndrome treatment is one of the main recommendations for treating patients with non-alcoholic fatty liver. Some healthy diets including unsaturated fats and plenty of vegetables and fruits are useful for patients with non-alcoholic fatty liver. [20] Exposure to excess body fat, especially intra-abdominal fat in obese people with non-alcoholic steatohepatitis, is associated with increased risk of metabolic complications. [21, 22] In addition, it should be noted that high level of free fatty acids released and decreased beta-oxidation in the liver induced by active oxygen species can cause additional oxidative stress and destructive inflammatory responses. [20] Based on the results of this study, the aqueous extract of psyllium at the dose of 400 mg/kg can significantly reduce serum levels of TC, TG, and LDL compared to other doses and increase serum HDL level; thus, the body fat percentage is found to decrease. The findings from other study also suggest that high doses of psyllium extract can reduce body weight, body mass index, and total body fat percentage. [23] It was also reported that psyllium can make cells sensitive to insulin through reducing the free fatty acids and lowered release of glycerol from adipose tissue. Therefore, psyllium is considered to be an herbal remedy for delaying the liver damages or prevention in patients with unsaturated fatty liver.
CONCLUSION
According to the results, the psyllium extract can probably induce hepatoprotective effect and improvement of liver enzymes disorder as well as lipid profile in non-alcoholic fatty liver patients due to the antioxidant properties.
